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AUTOMATIC MEANS TO TRIGGER RFID 
TRANSMITTERS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

US. provisional application No. 61/106,529 

BACKGROUND OF THE INVENTION 

An RFID reader requires signi?cant levels of poWer supply 
current, upWards or beyond 0.5 amps. Much of this poWer 
requirement is expended to activate the reader’s radio fre 
quency transmitter. For example, the reader’ s transmitter may 
constantly be active awaiting a RFID tag entering Within its 
electromagnetic ?eld. This is the usual operation for readers 
utiliZed in door entry security, inventory control, shipping and 
receiving management, and contactless point of sale. HoW 
ever, sometimes an adequate poWer source, such as AC mains, 
is not available to provide continuous transmitter operation 
and instead a battery is used to poWer the reader. 

Battery poWered readers typically need a manual control to 
trigger the reader’s transmitter to conserve battery capacity 
With the transmitter normally off until triggered. The manual 
control may be by a press of a button, or an insertion of a key, 
Which then activates the reader’s transmitter. This must be 
folloWed, Within a feW seconds, by manually placing a RFID 
tag Within the reader’s transmitted electromagnetic ?eld 
before the trigger operation times-out and the transmitter 
turns off to conserve poWer. 

BRIEF SUMMARY OF THE INVENTION 

This invention provides an alternate, automatic means to 
trigger the reader’s transmitter other than said manual signal. 
In this regard, this invention detects that a RFID tag is Within 
reader range Without using the reader’s RF transmitter at full 
poWer. As a RFID tag is brought Within range of a reader’s 
antenna there is signi?cant mutual inductance coupling 
betWeen the tag antenna and the reader’s antenna and this 
invention acts as an especially sensitive detector of this 
mutual inductance. The detection of mutual inductance pro 
vides an automatic trigger of the reader’s transmitter, or oth 
erWise activation of various reader circuits Which are nor 
mally dormant to preserve poWer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a preferred embodiment of the 
invention that illustrates important component blocks of the 
invention. 

FIG. 2 is a schematic diagram of the preferred embodiment 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Consider FIG. 1, a RFID reader normally includes a loop 
antenna 11 and a RFID decoder 13. BetWeen the loop antenna 
11 and the RFID decoder 13 We place an antenna sWitch 12. 
This antenna sWitch usually connects the loop antenna 11 to 
a Colpitt’s oscillator 14, therefore the loop antenna 11 
becomes a reactive element of the Colpitt’s oscillator 14. 

The Colpitt’s oscillator 14 operates as a voltage controlled 
oscillator (VCO). As part of the Colpitt’s oscillator 14 there 
includes a voltage variable capacitance 16 Which in imple 
mented using varactor diode(s). Changing the DC bias volt 
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2 
age upon the varactor diode(s) 16, Which changes their 
capacitance, this then effects the tuning of the Colpitt’s oscil 
lator 14. 
The Colpitt’s oscillator 14 is composed of a negative gain 

ampli?er 15, the positive reactance of the loop antenna 11, the 
negative reactance of the varactor diode(s) 16, and the nega 
tive reactance of the ?xed capacitance 21. (Varactor diode(s) 
may also be used at the same nodes as the ?xed capacitance 21 
Which Would provide increased tuning range of the Colpitt’s 
oscillator 14.) 
The output 23 of the Colpitt’s oscillator 14 drives both the 

loop antenna 11 and an input of a phase detector 18. The phase 
detector 18 also has another input 26 Which is a constant 
frequency 13.56 MHZ oscillator 20. The output 24 of the 
phase detector 18 connects to a loop ?lter 17 Which is a loW 
pass ?lter. The output 22 of the loop ?lter 17 is then used to 
bias the varactor diode(s) 16 thereby rendering the Colpitt’s 
oscillator 14, phase detector 18, and loop ?lter 17 together as 
a phase lock loop 29. 

Operation of the phase lock loop 29 causes a phase lock 
condition betWeen the Colpitt’s oscillator 14 and the 13.56 
MHZ oscillator 20. If the inductance of the loop antenna 11 is 
changed, then the phase lock loop 29 Will adjust the varactor 
diode 16 bias voltage (loop control voltage) 22 to keep the 
Colpitt’s oscillator 14 in phase lock With the 13.56 MHZ 
oscillator 20. 
As a RFID tag is placed Within the magnetic ?eld generated 

by the Colpitt’ s oscillator 14 and radiated by the loop antenna 
11 the mutual inductance from the RFID tag’s antenna 
changes the effective inductance of the loop antenna 11. The 
phase lock loop 29 compensates by providing a change in the 
varactor bias voltage 22 to keep the phase lock condition. 
RFID tags include antennas Which are purposely tuned for 
e?icient magnetic coupling at the frequency of operation of 
the RFID reader, normally 13.56 MHZ. I make the Colpitt’s 
oscillator 14 operate at this same 13.56 MHZ frequency. This 
maximiZes the amount of mutual inductance betWeen the 
RFID tag loop antenna and the RFID reader loop antenna 11. 
Other items that may come into the loop antenna’s 11 ?eld 
likely do not include an antenna structure tuned for ef?cient 
coupling to the loop antenna 11 and do not appreciably con 
tribute a mutual inductance to the loop antenna 11. 
A change in inductance in the loop antenna 11 affects the 

Waveform on the output 24 of the phase detector 18. The 
Waveform is typically a pulse Width modulated rectangular 
Wave With a frequency of27. 12 MHZ (tWice 13 .56 MHZ). The 
loop ?lter 17 averages the pulse Widths to provide a correction 
voltage to the varactor diode(s) 16 Wherein the phase lock 
loop feedback keeps the Colpitt’s oscillator’s 14 frequency in 
phase lock With the 13 .56 MHZ oscillator 20. The output 24 of 
the phase detector 18 is also connected to an input pin of a 
microcontroller 19. A timing/ counting algorithm, running 
Within the microcontroller 19, provides a means to both aver 
age and digitiZe, thereWith producing a numerical represen 
tation of the level of pulse Width modulation. Upon detection 
of a signi?cant change in pulse Width modulation, Which is 
related to inductance changes in the loop antenna 11, the 
microcontroller 19 temporarily sWitches the loop antenna 11 
connections from the phase lock loop 29 to the RFID decoder 
13. SWitching is accomplished through an antenna sWitch 12. 
At approximately the same time the microcontroller 19 

activates the RFID decoder 13 and/or enables the RFID 
decoder’s 13 transmitter output Immediately after this 
moment, With the loop antenna 11 connected to the RFID 
decoder 13 and With the RFID decoder 13 activated and 
transmitting, the RFID tag is read. Then later, after a time-out, 
the microcontroller 19 deactivates the RFID decoder 13 and/ 
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or RFID decoder’s 13 transmitter, as Well as, switches the 
loop antenna 11 back to the Colpitt’s oscillator 14. 

The use of a phase lock loop, as described herein, assures 
that the Colpitt’s oscillator 14 radiates Within the RFID band 
centered at 13.56 MHZ. This ?xates the oscillating frequency 
of the Colpitt’s oscillator Which is necessary to comply With 
government regulations for electromagnetic ?elds. 
As mentioned above, When using this invention, the detec 

tion of the mutual inductance from an RFID tag is necessary 
to activate the RFID decoder 13 and to sWitch the connections 
of the loop antenna 11. This provides immunity against false 
triggers from close proximity of items, other than RFID tags, 
to the loop antenna 11. Various non-magnetic and/or untuned 
items, such as, hands, paper, plastic items, coins, etc. do not 
provide much mutual inductance. 
A schematic of the preferred embodiment is shoWn in FIG. 

2. Radio Frequency sWitches U1 and U2 (12A and 12B) are 
both made from integrated circuits HMC226, manufactured 
by the Hittite MicroWave Corporation. These sWitches U1 
and U2 select the loop antenna 11 connectivity, either to the 
negative gain ampli?er 15 or to a balanced transmitter output 
of a RFID decoder 13. The negative gain ampli?er 15 is made 
from another integrated circuit, a NL17SZU04 unbuffered 
invertor manufactured by the On Semiconductor. 

Connecting the loop antenna 11 to the negative gain ampli 
?er 15 provides for a Colpitt’s oscillator that is voltage tun 
able by the varactor diodes D1 and D2 (16A and 16B) con 
structed from tWo BB207 dual diode packages manufactured 
by NXP Semiconductors. The Colpitt’s oscillator provides a 
voltage controlled oscillator (V CO) Which along With a phase 
detector 18 and a loop ?lter 17 produces a phase lock loop 
(PLL) 29. The phase detector 18 is a MC74VHC1GT86 
exclusive OR gate manufactured by On Semiconductor and 
the loop ?lter 17 is a passive ?lter composed W0 W0 resistors 
(R3 and R5) and a capacitor C4. 
The phase detector output also connects, through a loW 

pass ?lter, to an analog to digital convertor located Within a 
microprocessor 19. While the loop antenna 11 is connected to 
the negative gain ampli?er 15 and a RFID tag is positioned 
close to the loop antenna 11 mutual inductance caused by the 
RFID tag causes a change in voltage on the ?ltered phase 
detector output 24. This voltage change is detected by the 
microprocessor 19 and the microprocessor algorithm then 
activates the transmitter on the RFID decoder and simulta 
neously connects the loop antenna 11 through the radio fre 
quency sWitches 12A, 12B to the RFID decoder. 
Upon RFID decoder detection of a valid RFID tag, or after 

a preset time interval, the microprocessor 19 controls the 
radio frequency sWitches 12A, 12B to again connect the loop 
antenna 11 to the negative gain ampli?er 15. 

I claim: 
1. A radio frequency identi?cation (RFID) system that 

includes: 
an antenna; 
an antenna sWitch that is sWitchable into a ?rst and second 

state; 
a phase lock loop that includes a voltage controlled oscil 

lator, a phase detector, and a loop ?lter; 
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4 
a RFID decoder; 
a microcontroller or microprocessor; 
said voltage control oscillator in said phase lock loop con 

nects to said antenna sWitch; 
said RFID decoder connects to said antenna sWitch; 
said antenna connects to said antenna sWitch; 
a reactance of said antenna provides frequency tuning of 

said voltage controlled oscillator With said antenna 
sWitch in the said ?rst state; 

an output of said phase lock loop provides information of 
said frequency tuning of said voltage controlled oscilla 
tor, 

said output of said phase lock loop connects to said micro 
controller or said microprocessor; 

an output on said microcontroller or said microprocessor 
changes logic level dependent upon said information 
provided on said output of said phase lock loop; 

said output of said microcontroller or said microprocessor 
selects the state of said antenna sWitch betWeen said ?rst 
state and said second state; and 

said antenna is connected to said RFID decoder With said 
antenna sWitch in the said second state. 

2. A radio frequency identi?cation (RFID) system that 
includes: 

an antenna that has reactance affected by a mutual induc 
tance from a proximity of a RFID tag; 

a voltage controlled oscillator; 
a microcontroller or microprocessor; 
a means to connect said voltage controlled oscillator to said 

antenna so that a reactance of said antenna provides 
tuning to said voltage controlled oscillator; 

a means to connect said voltage controlled oscillator to a 
phase lock loop for sensing said tuning of said voltage 
controlled oscillator Whereas said tuning measures the 
proximity of said RFID tag; 

Wherein saidphase lock loop for sensing said tuning of said 
voltage controlled oscillator is utiliZed to activate or 
deactivate a RFID decoder; 

provides a phase detector output of said phase lock loop; 
and 

a means to connect said phase detector output of said phase 
lock loop to said microcontroller or said microprocessor 
that provides a signal to said microcontroller or said 
microprocessor When to enable or disable said RFID 
decoder. 

3. The radio frequency identi?cation (RFID) system of 
claim 1, Wherein said antenna sWitch has a tWo pole tWo throW 
capability. 

4. The radio frequency identi?cation (RFID) system of 
claim 1, Wherein a part of said reactance of said antenna is 
from a mutual inductance of a proximate RFID tag. 

5. The radio frequency identi?cation (RFID) system of 
claim 1, Wherein said voltage controlled oscillator is a Col 
pitt’s oscillator. 

6. The radio frequency identi?cation (RFID) system of 
claim 2, Wherein said voltage controlled oscillator is a Col 
pitt’s oscillator. 


